Previously characterized mammalian soluble guanylyl cyclases form ␣/␤ heterodimers that can be activated by the gaseous messenger, nitric oxide, and the novel guanylyl cyclase modulator YC-1. Four mammalian subunits have been cloned named ␣ 1 , ␤ 1 , ␣ 2 , and ␤ 2 . The ␣ 1 /␤ 1 and ␣ 2 /␤ 1 heterodimeric enzyme isoforms have been rigorously characterized. The role of the ␤ 2 subunit has remained elusive. Here we isolate a novel variant of this subunit and show that the ␤ 2 subunit does not need to form heterodimers for catalytic activity because enzyme activity can be measured when it is expressed alone in Sf9 cells. In analogy to the ␤ 3 subunit recently isolated from the insect Manduca sexta, activity was dependent on the presence of 4 mM free Mn 2؉ . The EC 50 values for the NO-donor diethylamine/NO were shifted to the left by 1 order of magnitude as compared with the ␣ 1 /␤ 1 heterodimeric form. In the presence of the detergent Tween, NO sensitivity of ␤ 2 was abolished, but the enzyme could be activated by protoporphyrin IX, indicating removal of a prosthetic heme group and exchange for the heme precursor. We suggest that the ␤ 2 subunit is the first mammalian NO-sensitive guanylyl cyclase lacking a heterodimeric structure.
Soluble guanylyl cyclase is a heterodimeric enzyme consisting of one ␣ and one ␤ subunit (for reviews, see Refs. 1-3). The prototypical ␣ 1 /␤ 1 isoform has been purified from native tissue and characterized extensively by several groups. This enzyme contains a prosthetic heme group that mediates activation by nitric oxide (NO) leading up to a 400-fold increase in formation of cGMP from GTP. In addition to the cloning of the classical ␣ 1 and ␤ 1 subunits in a number of species, two other soluble guanylyl cyclase subunits have been cloned, the ␤ 2 subunit from rat kidney and the ␣ 2 subunit from human fetal brain (4, 5) . Co-expression of the ␣ 1 /␤ 1 and ␣ 2 /␤ 1 cDNAs yielded NOsensitive enzymes in expression systems, whereas there were initially no reports on enzyme activity after co-expressing the ␤ 2 cDNA with any of the other subunits (4 -7). Gupta et al. (8) later presented evidence for enzyme activity after co-expression of a ␤ 2 -GFP 1 fusion construct with the ␣ 1 cDNA in COS cells. However, experiments performed in other laboratories have so far failed to produce similar results (for review, see Refs. 2 and 3). Consistent with results from co-expression studies, the ␣ 2 /␤ 1 heterodimeric enzyme has been demonstrated on the protein level in human placenta by co-precipitation experiments (9) . This ␣ 2 /␤ 1 heterodimeric enzyme also contains a prosthetic heme group and displays similar pharmacological properties as the ␣ 1 /␤ 1 isoform (9) . Thus, whereas the role of the subunits building up the ␣ 1 /␤ 1 and ␣ 2 /␤ 1 isoforms of soluble guanylyl cyclase are fairly well described, the role of the ␤ 2 subunit has remained elusive. Also in contrast to the other subunits, the ␤ 2 subunit shows a much more restricted tissue distribution with predominant expression in rat kidney (4) . Recently, a ␤ 3 subunit could be identified in the insect Manduca sexta that is active in the absence of a second subunit and shows enzyme activity only in the presence of manganese as divalent cation (Mn 2ϩ ) (10). Here we isolate a novel variant of the rat ␤ 2 subunit that is active in the absence of a second subunit and shows enzyme activity only in the presence of manganese as divalent cation (Mn 2ϩ ). Mutation of a residue in the catalytic domain that has been shown to lead to a constitutively active homomeric guanylyl cyclase A results in an enzyme that shows increased basal enzyme activity and stimulation by nitric oxide. We suggest that the ␤ 2 subunit is the first mammalian NO-sensitive guanylyl cyclase lacking a heterodimeric structure.
EXPERIMENTAL PROCEDURES
Materials-YC-1 and ODQ were from Alexis Biochemicals, and equine myoglobin from skeletal muscle was from Serva. All other chemicals were obtained from Sigma in the highest grade of purity. Products for Sf9 and HEK-293 cell culture were from Life Technologies and Biochrom, respectively.
Isolation of a Variant Rat ␤ 2 cDNA and Generation of Recombinant Baculovirus-The ProSTAR TM first strand reverse transcription-PCR kit (Stratagene) was used according to the manufacturer's protocol using random oligomers with 5 g of total RNA from rat kidney prepared using RNAzol TM (Biotecx Laboratories). The specific primers for PCR corresponded to nucleotides 111-135 and 2224 -2200 of the GenBank TM sequence entry M57507 (Ref. 4; 5Ј-CTC ATC CAA GAA GCC TGC AAG GTT C-3Ј and 5Ј-GGA TCC CAT AGG ATC ACT TTT TCT C-3Ј). PCR was performed using Pfu polymerase (Stratagene) according to the manufacturer's protocol with the following PCR profile: 94°C for 1 min, 35 cycles at 94°C for 20 s, 60°C for 15 s, and 72°C for 2 min, with a final extension of 10 min at 72°C. The resulting PCR product of 2114 base pairs was incubated with regular Taq polymerase (Life Technologies, Inc.) for 10 min at 72°C to introduce TA overhangs and was subcloned into the pcDNA3. CCT-3Ј and 5Ј-AAG AAG TAT TCG CCA AAG AGC TTC AG-3Ј). Reactions were run in a thermal cycler with the following parameters in a 25-l reaction volume: 94°C for 1 min, 35 cycles at 94°C for 15 s, 65°C for 15 s, and 68°C for 30 s, and a final extension of 4 min at 68°C. A 338-base pair 5Ј-rapid amplification of cDNA ends product was cloned into the vector pcDNA3.1/V5/His-TOPO using the eukaryotic TOPO TA-Cloning ® kits (Invitrogen) and sequenced by ABI Prism™ dye terminator cycle sequencing (PerkinElmer Life Sciences). A NcoI/BamHI insert from the ␤ 2 clone in pcDNA3.1/V5/His-TOPO vector (see above) was ligated together with a HindIII/NcoI fragment from the 338-base pair rapid amplification of cDNA ends product into the HindIII/BamHI cut pcDNA3.1Zeo ϩ vector. This clone was checked by DNA sequencing, and sequence information was submitted to GenBank TM (accession number AY004153). From the pcDNA3.1Zeo ϩ vector, the cDNA was cloned as an NheI/XbaI fragment (both restriction sites in vector) into the compatible SpeI site of pFASTBAC (Life Technologies). The ␣ 1 subunit was cut EcoRI/ScaI out of pGEM7ZF(ϩ) vector (a kind gift of Dr. Georges Guellaën, Créteil, France (11)), cloned EcoRI/StuI into pFASTBAC, and shortened in the 5Ј-noncoding region by AscI/BssHII digestion and religation. Cloning of the ␤ 1 subunit into pFASTBAC has been described earlier (12) . Recombinant baculoviruses of the respective subunits were generated according to the BAC-TO-BAC TM System (Life Technologies).
Mutagenesis of Glu-596 and of Cys-739 in ␤ 2 -Mutagenesis of ␤ 2 was done in the pFASTBAC construct with the QuickChange TM kit (Stratagene) using the following primer pairs: 5Ј-GCC TCT AGG ATG GCA AGT CAC GGG CTT CCC-3Ј and 5Ј-GGG AAG CCC GTG ACT TGC CAT CCT AGA GGC-3Ј for Glu-596 and 5Ј-GGC CCT GTG CTG TCT GCT TTC TCT GTT GTG CTG TGA TCA CG-3Ј and 5Ј-CGT GAT CAC AGC ACA ACA GAG AAA GCA GAC AGC ACA GGG CC 3Ј for Cys-739. The modified nucleotides are underlined. Both products were controlled by sequencing.
Plasmid Construction for Transient Transfection in HEK-293 CellsAll constructions were done in parallel for ␤ 2 and ␤ 2 E596A. The pFASTBAC plasmids were cut with SalI/PshAI and ligated with SalI/ SmaI into the multiple cloning site of the pEGFP-N1 vector to attach a GFP protein to the C terminus of the ␤ 2 subunit. For replacement of part of the N terminus by GFP we cut the pFASTBAC constructs XmnI/BamHI and ligated the fragments SmaI/BamHI into the pEGFP-C1 vector (analogous to the procedure described in Ref. 8 ).
Cloning of ␣ 1 and ␤ 1 subunit into pcDNA3.1/V5/His-TOPO vector was done by cutting both pFASTBAC constructs (see above) BamHI/XhoI FIG. 1. Amino acid alignment of the isolated rat ␤ 2 subunit with the human ␤ 2 , Manduca ␤ 3 , and rat ␤ 1 subunit. Residues identical with the rat ␤ 2 subunit are shaded. The isolated rat ␤ 2 sequence after methionine 61 (underlined) is identical to the cDNA isolated in (4) that was used for expression studies in Gupta et al. (8) . The site of the N-terminal deletion of the ␤ 1 subunit (19) is underlined. The human ␤ 2 subunit consists of two different reading frames (detailed description in Behrends and Vehse (21); *, stop codon). Other sites of deletions (underlined) or mutated residues (boxed) are mentioned in the text.
and BamHI/XhoI ligation into pcDNA3.1/V5/His-TOPO. All constructs were checked by sequencing.
Sf9 Cell Culture, Expression of Recombinant Guanylyl Cyclase Subunits, Cytosol and Membrane Preparation-Sf9 cells were cultured in
Sf-900 II serum-free medium supplemented with 1% penicillin/streptomycin and 10% fetal calf serum. Spinner cultures were grown to a cell density of 3.0 ϫ 10 6 cells/ml and then diluted to 1.2 ϫ 10 6 cells/ml for infection. 30 ml of cell solution were infected with multiplicities of infection of 1. After 74 h, cells were harvested and collected by centrifugation (1.500 ϫ g for 10 min at 4°C). All the following steps were performed at 4°C or on ice. The cell pellet was resuspended in 4 ml of homogenization buffer containing 50 mM triethylammonium/HCl, pH 7.6, 0.2 M benzamidin, 1 mM EDTA, pH 8.0, and freshly dissolved dithiothreitol with a final concentration of 10 mM. The cells were passed through a Sterican ® needle (0.45 ϫ 25 mm, B. Braun) several times for lysis. To remove complete cells and nuclei, the solution was centrifuged for 2 min at 800 ϫ g. Cytosolic fractions were obtained by a second centrifugation step for 30 min at 40,000 ϫ g. The resulting membrane pellet was washed twice with 4 ml of homogenization buffer with centrifugation for 10 min at 40,000 ϫ g. The washed membranes were then resuspended in 1 ml of homogenization buffer.
Culture, Transfection, and Preparation of Cytosolic Fractions of HEK-293 cells-HEK-293 cells were grown in Dulbecco's modified Eagle's medium supplemented with 1% L-glutamate, 1% (v/v) penicillin/ streptomycin, and 10% (v/v) fetal calf serum as the monolayer culture. Plasmid DNA was transfected using the CaCl 2 precipitation protocol. 1.5 g of plasmid DNA was dissolved in 90 l, adjusted to 100 l with 2.5 M CaCl 2 , and mixed by vortexing. An equal volume of BBS buffer (50 mM BES, pH 6.96, 280 mM NaCl, and 1.5 mM Na 2 HPO 4 ) was added and incubated for 17 min at room temperature. Before preparing the CaCl 2 precipitation, the HEK-293 cells were diluted as 2-ml cultures in MUL-TIWELL TM 6 wells (FALCON ® ) with a cell density of 0.1 ϫ 10 6 cells/ml, and the transfection mixture was added. After 18 h cells were washed once with Dulbecco's modified Eagle's medium and incubated for another 48 h. HEK-293 cells were harvested using a disposable cell scraper and centrifuged at 1500 ϫ g for 10 min at 4°C. Cytosol preparation was performed as described above for Sf9 cells.
Determination of Protein Concentration in the Cytosolic Fractions and Guanylyl
Cyclase Activity Assay-Protein concentrations were determined by the method of Bradford using bovine plasma ␥ globulin (Bio-Rad protein assay standard I) as standard. Guanylyl cyclase activity was measured as described previously (13) . YC-1 and ODQ were dissolved in 25% (v/v) Me 2 SO so that the final Me 2 SO concentration in the enzyme assay did not exceed 2.5% (v/v). At this concentration no effects of Me 2 SO on enzyme activity were observed.
SDS-Polyacrylamide Gel Electrophoresis and Western Blot
Analysis-Laemmli sample buffer was added to 60 g of cytosolic fractions (for ␤ 2 and ␤ 2 E596A) of HEK-293 cells transfected with the respective plasmids, and proteins were electrophoretically separated on 8% SDSpolyacrylamide electrophoresis gels. After electrophoretic transfer of proteins to nitrocellulose, nonspecific protein-binding sites of the membranes were blocked by incubation with TBST (Tris-buffered saline/ Tween, 10 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.1% Tween 20) containing 5% nonfat dry milk at room temperature for 1 h. Membranes were washed with TBST buffer and incubated for 1.5 h at room tem- perature in a 1:4000 dilution of a monoclonal antibody against the GFP protein (Living Colors, CLONTECH). Membranes were washed three times with TBST buffer and then incubated with a 1:4000 dilution of a horseradish peroxidase-conjugated anti-mouse antibody in TBST buffer. After washing the membranes three times with TBST buffer, protein bands were detected using the enhanced chemiluminescence detection method.
Statistical Analysis-All results were controlled for their statistical significance by one-way analysis of variance followed a Newman-Keuls post test. A value of p Ͻ 0.05 was considered to be statistically significant.
RESULTS
Using PCR, a variant cDNA of the rat ␤ 2 subunit was isolated from rat kidney (submitted to GenBank TM under the accession number AY004153). The deduced amino acid sequence of this transcript shared the start motif MYG (Fig. 1) , which is highly conserved between all other ␤ subunits of soluble guanylyl cyclase including the ␤ 3 subunit from Manduca sexta (10) . Although co-expression of the human ␤ 1 subunit with the human ␣ 1 or rat ␣ 2 subunit in Sf9 cells yielded NO and YC-1-sensitive guanylyl cyclase activity in the presence of 3 mM Mg 2ϩ (12) , analogous co-expression experiments performed with the novel variant ␤ 2 subunit together with either of the ␣-subunits did not result in detectable guanylyl cyclase activity (Fig. 2A) . The lack of catalytic activity of the ␤ 2 subunit prompted our interest in the catalytic domain of the ␤ 2 subunit in comparison with other members of the nucleotide cyclase family. Comparison of the region of the catalytic domain of the ␤ 2 subunit (position 454 -596 of the rat ␤ 2 sequence in Fig. 1) showed the highest amino acid similarity (56%) with the ␤ 3 subunit from Manduca sexta (10) . This subunit is active in the absence of a second subunit in the presence of 4 mM Mn 2ϩ . To test whether the sequence homology of the catalytic domain between the ␤ 2 and the ␤ 3 subunit also results in biochemical similarities, guanylyl cyclase activity was measured in the absence of a second subunit in the presence of 4 mM Mn 2ϩ (Fig. 2B) . Expression of the ␤ 1 subunit was used to control for endogenous guanylyl cyclase activity in Sf9 cell cytosol. Under basal conditions, significantly higher guanylyl cyclase activity was detected in cytosol from forms but, rather, had a slightly inhibitory effect. Mutagenesis of a glutamate within the catalytic domain of the homodimeric membrane-bound guanylyl cyclase A resulted in a constitutively active enzyme that is no longer regulated by its ligand atrial natriuretic peptide (14) . The analogous point mutant in the ␤ 2 subunit (␤ 2 E596A) resulted in increased stimulation by the NO donor DEA/NO with only a slight apparent increase in basal activity (Fig. 2B) . Measurement of guanylyl cyclase activity as a function of substrate concentration for the ␤ 2 subunit and the ␤ 2 E596A mutant revealed linear Michaelis-Menten-type kinetics for both forms (Fig. 3) . The K m value of the E596A mutant was increased significantly in comparison with the wild type ␤ 2 subunit (Table I) . The V max values show that enzyme activity of the ␤ 2 E596A mutant versus wild type under basal conditions is increased to a higher extent than expected from the values in Fig. 2A determined at a GTP concentration of 500 M, which was not saturating for the ␤ 2 E596A mutant given the high K m value. Under NO-stimulated conditions, substrate affinity increased as evidenced by a decrease in K m values by factor 3 (␤ 2 ) or 5 (␤ 2 E596A). The V max values were increased 4-fold (␤ 2 ) and 9-fold (␤ 2 E596A) under NO-stimulated conditions. Concentration response experiments using DEA/NO were performed in parallel using cytosol from Sf9-cells infected with recombinant baculoviruses for ␤ 2 , ␤ 2 E596A, and ␣ 1 /␤ 1 (Fig. 4) . Maximal guanylyl cyclase activity was set to 100% for direct comparison of EC 50 values and was 158 Ϯ 21 pmol of cGMP/ mg/min (␤ 2 ), 2442 Ϯ 233 pmol of cGMP/mg/min (␤ 2 E596A), and 21843 Ϯ 2432 pmol of cGMP/mg/min (␣ 1 /␤ 1 ). Concentration response curves for ␤ 2 and ␤ 2 E596A were very similar and yielded indistinguishable EC 50 values of 34 Ϯ 9 and 43 Ϯ 5 nM, respectively. Both ␤ 2 curves were shifted to the left by 1 order of magnitude in comparison to ␣ 1 /␤ 1 , where a EC 50 value of 414 Ϯ 68 nM was determined in experiments performed in parallel.
The high NO affinity but low maximal activity of the ␤ 2 subunit raises the possibility that this subunit quenches NO, thus limiting NO availability for the more responsive heterodimeric form. EC 50 values for the concentration-dependent effect of DEA/NO on ␣ 1 /␤ 1 heterodimeric guanylyl cyclase activity were tested in the presence ␤ 2 subunit cytosol (0.2 mg/ml cytosolic protein) or the known NO scavenger myoglobin (0.01 mM) (Fig. 5) The influence of the well characterized soluble guanylyl cyclase inhibitor ODQ was tested in parallel under NO-stimulated conditions (1 M DEA/NO) using cytosol from Sf9 cells infected with recombinant baculoviruses for ␤ 2 , ␤ 2 E596A, and ␣ 1 /␤ 1 (Fig. 6 ). Maximal guanylyl cyclase activity was set to 100% for direct comparison of IC 50 It has been shown that incubation of ␣/␤ forms of NO-sensitive guanylyl cyclase with the detergent Tween induces a loss of the prosthetic heme group and abolishes NO sensitivity (15). Experiments performed with ␤ 2 (Fig. 7A ) and ␤ 2 E596A (Fig.  7B) demonstrate that the detergent Tween prevents activation by the NO donor DEA/NO but does not abolish activation by the heme precursor protoporphyrin IX. This likely indicates that Tween leads to a loss of heme and an exchange of this prosthetic group by protoporphyrin IX.
N-terminal and C-terminal GFP fusion proteins of the ␤ 2 subunit were constructed in eukaryotic expression vectors and expressed in HEK-293 cells. N-terminal GFP fusion was done according to Gupta et al. (8) , which leads to replacement of the likely N-terminal heme binding region of the ␤ 2 subunit by the GFP protein. In the C-terminal fusion, the GFP protein replaced the potential isoprenylation site of the ␤ 2 subunit, which has been hypothesized to be important in subcellular targeting. Due to the overall lower expression in HEK-293 as opposed to Sf9 cells, enzyme activity could only be measured for ␤ 2 E596A under NO-stimulated conditions (Fig. 8) . This NO-stimulated activity could be detected for the C-terminal but not the Nterminal construct, indicating the importance of the N-terminal region that likely binds a prosthetic heme group. Using confocal laser microscopy, both ␤ 2 -GFP constructs were localized to the cytoplasm irrespective of the presence or absence of the isoprenylation consensus site (Fig. 8, inset) . This apparent cytoplasmic localization does not exclude the possibility that the ␤ 2 subunit is at least in part associated with the plasma membrane, depending on the presence of the isoprenylation consensus site. To address this point, the critical cysteine residue within the isoprenylation site of the ␤ 2 subunit was mutated to a serine, and enzyme activity of the ␤ 2 subunit and ␤ 2 C739S mutant were compared in cytosol and membrane preparations after overexpression in Sf9 cells. In the presence of 4 mM Mn 2ϩ , comparable basal and NO-stimulated enzyme activities were detected in the cytosol and membrane fractions (Fig.  9A) . Mutagenesis of C739S led to a marked increase of NOstimulated activity in the cytosolic fraction. This increase cannot be explained solely by a shift of the mutant ␤ 2 from the membrane fraction to the cytosolic fraction because enzyme activity in the membrane fraction was also increased (Fig. 9A) . Analogous enzyme activity measurements in the presence of 3 mM Mg 2ϩ show no significant activity for the ␤ 2 subunit but a striking increase in NO-sensitive enzyme activity of the cytosolic ␤ 2 C739S mutant (Fig. 9B) . DISCUSSION A novel variant of the ␤ 2 subunit of soluble guanylyl cyclase was obtained by PCR from rat kidney. Expression of this subunit in Sf9 cells in the absence of a second subunit led to NO-sensitive guanylyl cyclase activity. Similar to the ␤ 3 subunit described in the insect Manduca sexta, enzyme activity was dependent on the presence of 4 mM Mn 2ϩ . Mutagenesis of a glutamate residue to alanine, which has been shown to lead to a constitutively active homomeric guanylyl cyclase A, resulted in increased basal and NO-stimulated guanylyl cyclase activity for the ␤ 2 subunit. Abolishment of NO sensitivity in the presence of the detergent Tween and activation of the ␤ 2 subunit by the heme precursor protoporphyrin IX indicates the presence of a prosthetic heme group.
After crystallization of the catalytic domain of adenylyl cyclase (16), other nucleotide cyclases have been analyzed by homology modeling, and five important residues characteristic of heterodimeric and homodimeric forms have been identified (17) . Whereas these residues are on one polypeptide chain in the homodimeric forms and the ␤ 2 subunit, they are distributed on two different polypeptide chains in the heterodimeric forms. According to this theoretical analysis, the ␤ 2 subunit as well as the ␤ 3 subunit from Manduca sexta belong to the group of homodimeric nucleotide cyclases. The experimental data that the mammalian ␤ 2 subunit (present study) and the ␤ 3 subunit from the insect Manduca sexta (10) are active in the absence of a second subunit corroborate the hypothesis that these subunits belong to the family of homodimeric or homomeric nucleotide cyclases.
Overall the ␤ 3 subunit from Manduca sexta has more amino acid identity with vertebrate ␤ 1 subunits than with the ␤ 2 subunit, arguing against the hypothesis that the ␤ 2 subunit represents the mammalian ortholog of the ␤ 3 subunit (10). Comparison of only the region of the catalytic domain of the ␤ 2 subunit (position 454 -596 of the rat ␤ 2 sequence in Fig. 1 ) showed highest amino acid similarity (56%) with the ␤ 3 subunit from Manduca sexta when compared with all known nucleotide cyclases. The sequence homology of the catalytic domain also results in biochemical similarities between the ␤ 2 and the ␤ 3 subunit in that guanylyl cyclase activity can only be detected in the presence of 4 mM Mn 2ϩ . Stimulation by NO donors is more pronounced for ␤ 2 versus ␤ 3 . This can be explained by the presence of two cysteines in the ␤ 2 but not the ␤ 3 subunit corresponding to cysteines 78 and 214 in the rat ␤ 1 subunit (see Fig. 1 ) that have been shown to be critical for binding of a prosthetic heme group and activation by NO (18) . Both the ␤ 2 and the ␤ 3 subunit contain a C-terminal isoprenylation consensus site. While the ␤ 3 subunit seems to be primarily associated with the plasma membrane (10), enzyme activity for the ␤ 2 subunit was detectable in equal amounts in the cytosol and membrane fractions of Sf9 cells. Mutation of the isoprenylation consensus site leads to a ␤ 2 subunit that is active in the presence of 3 mM Mg 2ϩ . A possible hypothesis is that, depending on the presence or absence of a posttranslational fatty acid modification, the requirement of the enzyme for 4 mM Mn 2ϩ is changed to physiologically occurring concentrations of Mg 2ϩ (3 mM). It will be most interesting to test whether an analogous mutation in the ␤ 3 subunit also results in an enzyme that is active in the presence of Mg 2ϩ . Co-expression experiments of a N-terminal ␤ 2 -GFP fusion construct with the ␣ 1 cDNA yielded NO-sensitive guanylyl cyclase activity in COS cells (8) . Using an analogous ␤ 2 -GFP fusion construct guanylyl cyclase activity after co-expression with the ␣ 1 cDNA was not significantly different from nontransfected HEK-293 cells, whereas co-expression of the ␣ 1 and ␤ 1 cDNAs yielded activities of 184 Ϯ 13 pmol of cGMP/mg/min (basal) and 1574 Ϯ 201 pmol of cGMP/mg/min (100 M DEA/ NO). Using the ␤ 2 E596A mutant expressed alone in HEK-293 cells, we could show that a C-terminal GFP fusion yields NOsensitive guanylyl cyclase activity, whereas the N-terminal GFP fusion analogous to (8) does not lead to catalytic activity. This underlines the importance of the N terminus including the amino acid start motif MYG present in the ␤ 2 variant isolated in this study that is conserved in all other known ␤ subunits. Consistent with our findings of the importance of an intact N-terminal sequence, it has been shown for the ␤ 1 subunit that either N-terminal deletion of 64 amino acids (Ref. 19, see Fig. 1 ) or N-terminal addition of 36 residues (20) abolishes responsiveness of the ␣ 1 /␤ 1 enzyme to NO. The lack of the N-terminal sequence including the MYG motif also explains the lack of activity of the human ␤ 2 subunit recently cloned by our group (21) .
In agreement with our data using GFP fusion proteins, a cytosolic localization of the ␤ 2 subunit was demonstrated in rat kidney by immunohistochemistry in principal cells of the collecting duct (22) . The failure to detect co-expression of an ␣-subunit with the ␤ 2 subunit at the same cellular location (22) supports our concept of a homomeric rather than heteromeric ␤ 2 guanylyl cyclase that mediates the inhibitory effect of NO on sodium reabsorption in the principal cells of the collecting duct in the absence of ␣ subunits.
